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(54) Resistive cross point memory device witii calibration controller for a sense amplifier 



(57) A resistive cross point memory (RXPtM) cell ar- 
ray device 10, one example of which is a magnetic ran- 
dom access memory (MRAIVI) device, Includes a chip 
40 on which is fomied an array of RXPtM cells 12, an 
array of sense amplifiers 44 used in sensing resistance 
values of the RXPtM cells 14, and an Input/output (I/O) 
controller 48. The I/O controller 48 Includes a calibration 
controller 50, which tests the combination of a particu- 
larly selected memory cell 14 and a particular associat- 



ed one of the array 44 of sense amplifiers 26 in view of 
then existing environmental conditions, to assure that 
the sense amplifier 26 has an acceptable calibration. 
Data integrity of the RXPtM cell an-ay device 10 is as- 
sured by a method In which each operation to sense da- 
ta from the device 10 Includes a calibration test, which 
If not passed results in the sense amplifiers 26 being 
recalibrated. When proper calibration of the sense am- 
plifies 26 is indicated, then sensing of the data value 
proceeds. 




FIG. 4 
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Description 

[0001] The present application relates to a resistive 
cross point memory (RXPtM) device, a method for test- 
ing for needed recalibration of a sense ampiifier of such s 
a device, and a self-calibrating RXPtM cell array chip. 
Particularly, this Invention relates to a resistive cross 
point memory (RXPtM) cell array, one example of which 
is a magnetic random access memory (MRAM), and to 
circuitry for sensing a resistive state of a memory ceil in 
the array so as to sense a stored data value from the 
memory cell. It is conceivable that other forms of RX- 
PtM's will be developed that are not based on MRAM 
use, and the methods described in this invention disclo- 
sure wiil apply to those also. More particularly, this in- 
vention relates to a method and apparatus for testing for 
acceptable calibration of a sense amplifier which is uti- 
lized in sensing the resistance value of a memory cell 
and sensing a stored data value from a memory cell, 
and for initiating recalibration of the sense amplifier, 
when needed, all without destroying data stored in the 
memory ceil. 

[0002] Magnetic Random Access Memory ("MRAM") 
is a non-volatile memory that is being considered for 
long term datastorage. Atypical MRAM device includes 
an array of memory cells. Word lines extend along rows 
of the memory cells, and bit lines extend along columns 
of the memory cells. The memory cells are each located 
at a cross point of a word line and a bit line, and each 
memory cell includes two masses of magnetic material. 
One of the masses is magnetically fixed and the other 
is magnetically variable. A memory cell stores a bit of 
information as the orientation of relative magnetization 
of the fixed and variable materials. In other words, the 
magnetization of each memory cell at any given time 
assumes one of two stable orientations. These two sta- 
ble orientations, referred to as "parallel" and "anti-par- 
allel" magnetic orientation, represent logic values of '0' 
and '1 for example. The resistance of a memory cell 
varies dependent upon whether It stores a "0" or a "1" 
value. That is, the resistance of a memory cell is a first 
value "R" if the orientation of the magnetization of the 
fixed magnetic material and of the variable magnetic 
material Is parallel, and the resistance of the memory 
cell is increased to a second value R4-AR If the orienta- 
tion of the magnetization Is anti-parallel. The orientation 
of the relative magnetization of a selected memory cell 
(and, therefore, the logic state of the memory cell) may 
be sensed by sensing the resistance value of the select- 
ed memory cell. 

[0003] Perfonning sense and write operations in 
M RAM devices could be orders of magnitude faster than 
performing sense and write operations in conventional 
long term storage devices, such as hard drives, for ex- 
ample. In addition, the MRAM devices could be more 
compact and could consume less power than hard 
drives and other such conventional long temri data stor- 
age devices. 



[0004] However, sensing the resistance state of a sin- 
gle memory cell in an aray (and thereby "sensing" the 
data value) can be unreliable. All memory cells in the 
array are coupled together through many parallel paths 
(I.e., the bit and word lines). The resistance seen at one 
cross point equals the resistance of the memory cell at 
that cross point In parallel with resistances of memory 
ceils In the other rows and columns (again, the array of 
memory cells may be characterized as a cross point re- 
sistor network). 

[0005] There is a need to reliably sense the resistance 
states of memory cells in MRAM devices. 
[0006] Currently, it is known to use a sense amplifier 
to sense a resistance value associated with a selected 
memorycellof anaray. However, determining when the 
sense amplifier has an acceptable calibration or needs 
to be recalibrated is conventionally periormed off of the 
chip on which the array of memory cells is fabricated. 
Further, conventional methods of detennining when a 
new sense amplifier recalibration Is required and per- 
fomnlng that recalibration, destroys data In a memory 
cell. In essence, calibration of such an sense amplifier 
is a laboratory procedure. 

[0007] Further, calibration of a sense amplifier so that 
it can reliably perfomn this sense operation compen- 
sates at the same time for two aspects of the RXPtM 
array. These two aspects may be considered as "global" 
and "environmental." That is, the sense amplifier is com- 
pensated or calibrated for global factors of the memory 
cell array that are constant over time. These global fac- 
tors include such influences as process and geometry 
variations (i.e., asymmetries in the circuit design and 
fabrication non-uniformity resulting In threshold voltage 
variations and resistance and capacitance variations, 
for example) that occur during fabrication of the memory 
cell array. At the same time, the environmental factors 
then existing for the RXRM array are compensated for. 
However, compensation for the global factors which are 
constant over time does not address needed compen- 
sations for environmental parameters which change 
over time. These environmental parameters include 
such factors as operating temperature of the RXPtM ar- 
ray, and power supply voltage variations. 
[0008] Thus, there Is a need to provide a method and 
apparatus to detemnlne when recalibration of sense am- 
plifier offset (i.e., calibration) values is necessary for re- 
liably sensing stored data values in a RXPtM. 
[0009] Further, there Is a need for providing of such a 
method and apparatus to detennine when recalibration 
of a sense amplifier is needed before data is lost be- 
cause of an amplifier "out of calibration" condition. 
[0010] Also, there is a need for such a sense amplifier 
recalibration to be perfonned without loss of data stored 
in a RXRM array 

[0011] Still further, there is a need to have such a 
method and apparatus implemented on the same chip 
as the RXPtM cell array 

[001 2] These needs are addressed by the present In- 
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vention. According to one aspect of the present inven- 
tion, a sense amplifier is employed to sense the resist- 
ance state of a set of RXPtM cells, and a digital value 
of "0" or "1" for each memory element of the set is de- 
temriined by comparing individual cell sense data to an 5 
average data value using a multiple sense method. The 
sense method uses a "time value." By '*time value" is 
meant that the resistance value of an individual RXPtM 
cell is detemnined by a current-to-time conversion when 
an operating voltage Is applied to the RXRM cell with a io 
sense amplifier. 

[0013] The " average time value" (ATV) for the set of 
RXPtM cells is detemiined, and a pair of test limit values 
(respectively referred to as "shorts" and "opens" values 
are set at prefen^ed time values of M ATV, and 4ATV, for is 
example. It will be understood that other values of the 
"shorts" and "opens" test limit values may be utilized. 
However, and importantly, any memory cell of the set 
which has an individual time value less than or equal to 
the "shorts" value, or greater than or equal to the so 
"opens" value is labeled as inoperative, and is not uti- 
lized in determining when a recalibration of the sense 
amplifier is necessary. That is, a shorted memory cell or 
an open-circuit memory cell Is not included in the set of 
memory cells which is utilized to determine the need for 25 
recalibration of the sense amplifiers. 
[0014] Further, an additional pair of recalibration high/ 
recalibration low (Recal Hi/Lo) limit values are deter- 
mined. These Recal Hi/Lo values may preferably be de- 
temiined as 14 ATV and 2ATV, for example. Again, it Is 30 
to be understood that other values for the Recal Hi/Lo 
values might be selected. However, the pair of Recal Hi/ 
Lo values He between the "shorts" and "opens" values, 
as will be understood from the explanation above. 
[0015] Then, for each memory cell of the array In 35 
which data is stored, and contemporaneously with an 
initial "sense" operation of that memory cell, a sense 
amplifier Is employed to sense the resistance value of 
the memory cell. If a "shorts" or "opens" condition is de- 
tected, then the recalibration test result is ignored. That ^ 
is, a shorted or open-circuited memory cell will not trig- 
ger a recalibration. However, if a "shorts" or "opens" 
condition is not detected, then the results of the testing 
of the memory cell's resistance is compared to the Recal 
Hi/Lo limits. So long as the cell's resistance is indicated 
to be within (i.e., between) the pair of Recal Hi/Lo limits, 
than sensing of the memory cell proceeds, and no rec- 
alibration of the sense amplifier for that memory cell is 
initiated. On the other hand, if the Recal Hi/Lo limits are 
exceeded (i.e., meaning thatthe sensed cell's "time val- so 
ue" is either below 1^ ATV, or above 2ATV, but not less 
than % ATV or more than 4ATV) then sensing of the 
memory cell stops, data stored in the memory cell is pre- 
served undisturbed, a sense amplifier recalibration is in- 
itiated, and the data stored in the memory cell is sensed ss 
later after completion of this sense amplifier recalibra- 
tion. 

[0016] Further to the above, the calibration controller 
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is part of an Input/Output controller fabricated on the 
same chip along with the array of memory cells. Thus, 
each time a sense operation is to be performed to de- 
termine the stored value of a memory cell of the array, 
an on-chip amplifier test, and recalibration if necessary, 
takes place before the data value is sensed from the 
memory cell. Because the on-chip test and recalibration 
of the sense amplifier used to sense the resistance val- 
ue (i.e., sense the data value) of a cell takes place on- 
chip close to the array, the time and power used to carry 
out this sense process is minimized. Further, the integ- 
rity of data stored in the cells of the array is maintained. 
This is true because data is not sensed until It is con- 
firmed that the sense amplifier that will be sensing the 
resistance value of the memory cell containing the data 
has a proper calibration, and that a connect result wilt be 
had from the sensing operation perfonned on the mem- 
ory cell. 

[0017] Other aspects and advantages of the present 
invention will become apparent from the following de- 
tailed description, taken In conjunction with the accom- 
panying drawings, illustrating by way of a number of pre- 
ferred embodiments of the present invention. 

Figure 1 is a very generalized schematic Illustration 
of an MRAM memory cell an'ay according to the 
present invention; 

Figures 2a and 2b are illustrations of parallel and 
anti-parallel magnetization orientations of a typical 
MRAM memory cell; 

Figure 3 is an illustration of an MRAM memory cell 
that has been selected during a sensing step; 
Figure 4 is a more particularized illustration of a 
memory chip including a memory cell array, an am- 
plifier array, and an I/O controller, all on a single 
chip; 

Figure 5 is a graphical illustration of time values 
used in testing a memory cell and associated am- 
plifier for proper calibration under then existing en- 
vironmental conditions; 

Figure 6 Illustrates a generalized schematic of a cir- 
cuit that may be utilized in the method of sensing a 
memory cell in a resistive cross point memory cell 
an^ay; 

Figure 7 is a method flow chart illustrating a method 
of sensing a memory cell of a MRAM memory cell 
anray, while contemporaneously testing for proper 
amplifier calibration. 

[0018] The present invention is most preferably em- 
bodied in an MRAM memory device, which Includes a 
memory cell array, a sense amplifier array, and an input/ 
output (I/O) controller, all on a single chip. That is, the 
elements of the memory cell array, of the sense amplifier 
array, and of the I/O controller are all formed on the 
same chip. Further, the I/O controller includes an ampli- 
fier calibration controller, which is responsible for carry- 
ing out the amplifier recalibration evaluation process 
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with respect to each memory cell of the array before data 
is sensed from that particular cell. Thus, data stored In 
cells of the array is never compromised or destroyed by 
an attempt to sense the data with a sense amplifier that 
is out of calibration with respectto global or environmen- s 
tal conditions of the RXPtM an-ay. Environmental condi- 
tions of the RXRM array, which change with time, are 
compensated for by recalibration of the sense amplifier 
before they can have a detrimental effect on the relia- 
bility of data retrieval from the cells of the array 
[0019] Reference is now made to Figure 1, which 
schematically illustrates an MRAM device 10 including 
an array 12 of memory cells 14. The memory cells 14 
are arranged in rows and columns of the array, with the 
rows extending along an x*dlrection and the columns ex- 
tending along a y-direction. Only a relatively small 
number of memory cells 1 2 are shown in Figure 1 in or- 
der to simplify the description of the invention. In prac- 
tice, an-ays of any size may be used. 
[0020] Conductive traces functioning as word lines 1 6 
extend along the x-dlrection in a plane of the memory 
cell array 10. Other conductive traces functioning as bit 
lines 18 extend along the y-direction in a plane of the 
memory cell array 10. There may be one word line 16 
for each row of the array 1 0 and one bit line 1 8 for each 
column of the array 1 0. Each memory cell 1 4 is located 
at a cross point of a corresponding word line 16 and bit 
line 1 8, hence the name "resistive cross point memory" 
cell array, or RXPtM. 

[0021 ] The memory cells 1 4 are not limited to any par- 
ticular type of device. For example the memory cells 14 
may be fabricated to utilize spin dependent tunneling 
("SDT') junction devices. However, the resistance value 
of each of the memory cells 14 is dependent upon the 
value(i.e., 1 or0)of adatabltstoredintheparticularcell. 
[0022] Further considering Figure 1 , the RXPtM cell 
array 10 also Includes a row decode circuit 20. During 
sense operations, the row decode circuit 20 may apply 
either a constant supply voltage Vs or a ground potential 
to selected ones of the word lines 1 6. The constant sup- 
ply voltage Vs may be provided by an external circuit. 
[0023] The RXPtM cell array 10 further includes a 
sense amplifier circuit for sensing the resistance of se- 
lected memory cells 14 during sense operations, and a 
write circuit for orienting the magnetization of selected 
memory cells 1 4 during write operations. The sense am- 
plifier circuit is indicated generally at 22. The write circuit 
Is not shown in order to simplify the explanation of the 
present Invention. 

[0024] The sense amplifier circuit 22 includes a plu- 
rality of steering circuits 24 and sense amplifiers 26. Al- 
so, this circuit 22 preferably includes an analog to digital 
converter, including an integrator, a comparator, and a 
pre-settable counter (which sub-components are not in- 
dividually indicated on drawing Figure 1). Multiple bit 
lines 18 are connected to each steering circuit 24. Each 
steering circuit 24 includes a set of switches that con- 
nect each bit line 18 to either a source of operating po- 



tential or to a sense amplifier 26. An output of the sense 
amplifier 26 is supplied to a data register 28, which, in 
turn, is coupled via an I/O controller circuit 30 to an out- 
put (indicated by arrowed numeral 32) of the MRAM de- 
vice 1 0. The I/O controller 30 controls the entire MRAM 
device 10 (hence, the dashed box encompassing sub- 
parts of I/O controller 30 in Figure 1 , to be further de- 
scribed below), and the outputs 32 may be common to 
one another (i.e., via a shared data I/O port, for exam- 
ple). 

[0025] Refening now to Figures 2a and 2b. a typical 
SDT junction memory cell 14 includes a magnetic layer 
34 of "pinned" or fixed magnetic orientation. The layer 
34 has a magnetization that is oriented in the plane of 
the pinned layer 34, and which is fixed in a selected di- 
rection in this plane so as not to change orientation in 
the presence of an applied magnetic field having a mag- 
nitude within a range of interest. The SDT junction de- 
vice 14 also includes a "free" layer 36 having an orien- 
tation of magnetization that is not pinned. Rather, the 
magnetization of the layer 36 can be selectively oriented 
In either of two directions both lying in the plane of the 
layer 36. If the magnetization of the free and pinned lay- 
ers 34 and 36 are generally in the same direction, the 
orientation is said to be "parallel" (again, as is indicated 
by the arrows In Figure 2a). If the magnetization of the 
free and pinned 34 and 36 layers are generally in oppo- 
site directions (viewing Figure 2b), then the orientation 
Is said to be "anti-parallel." The magnetization in the free 
layer 36 may be selectively oriented by applying write 
cun^ents to word and bit lines 16 and 18 that cross the 
memory cell 14. 

[0026] The free and pinned layers 34 and 36 are sep- 
arated by an insulating tunnel barrier 38. The insulating 
tunnel barrier 38 allows quantum mechanical tunneling 
to occur between the free and pinned layers 34 and 36. 
This tunneling phenomenon is electron spin dependent, 
making the resistance of the SDT junction device 14 a 
function of the relative orientations of the magnetization 
of the free and pinned layers 34 and 36. Again, the re- 
sistance of a SDT junction device 14 will have a first 
value R if the orientation of magnetization of the free 
and pinned layers 34 and 36 is parallel, and will have a 
second value R-i-AR if the magnetization of orientation 
is anti-parallel. 

[0027] Referring to Figure 3 a selected memory cell 
14 is illustrated during a sense operation. During the 
write operation which stored a data value in the memory 
cell 14, the magnetization in the free layer 36 of the se- 
lected memory cell 1 4 was oriented by applying the cur- 
rents to both the word line 16 and bit line 18 crossing 
that memory cell 14. Applying the currents to the word 
line 16 and bit line 18 caused the magnetization of the 
free layer 36 to rotate to a selected one of the parallel 
orientation or to the anti-parallel orientation. Thus, a re- 
sistance value (i.e., R, or R+AR) between the lines 16 
and 1 8 for cell 1 4 is associated with the stored data val- 
ue. 
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[0028] Figure 4 illustrates a MRAM memory chip 40 
embodying the present Invention. Viewing Figure 4 it is 
seen that the MRAM chip includes a substrate 42 upon 
which the MRAM device 10 including the array 12 of 
cells is fonned. Also fomried on this same substrate 42 
is a sense amplifier array 44, which includes a plurality 
of sense amplifiers 26, recalling the description of Figure 
1 above. Controlling the interface of the array 44 of am- 
plifiers 26, and the array of memory cells 12 is a global 
controller circuit 46. The global controller circuit 46 In- 
cludes row circuits 20 and column circuits 22, and also 
moderates communication of data into and from the ar- 
ray 12 via an input/output port 48 (i.e., indicated with the 
doubleheaded arrow on Figure 4). While the global con- 
troller circuit 46 will include circuit portions in addition to 
those described here, it lis important to note that this glo- 
bal controller circuit 46 includes a calibration controller 
50. 

[0029] Calibration controller 50 is effective upon each 
command from global control circuit 46 to sense a data 
bit (i.e., to sense a relevant resistance value) from a 
memory cell of the memory cell array 1 2, to test the cal- 
ibration of the one of the sense amplifiers of the amplifier 
array 44 which will effect this sensing of the selected 
memory cell. 

[0030] importantly, Figure 5 depicts a time versus 
voltage relationship that is preferably utilized according 
to the present invention in orderto make a determination 
as to whether a particular sense amplifier has a con-ect 
calibration, and if not, to Initiate a calibration of the par- 
ticular sense amplifier. Considering now Figures 5 and 
7 in conjunction with one another, it is seen in Figure 5 
that a particular time value is Indicated as having a value 
of "1" and is labeled 1AVT (average time value). The 
time Interval indicated as 1 ATV is detemiined by Individ- 
ually testing (i.e., connecting) memory cells of a select- 
ed set of representative memory cells (i.e., representa- 
tive of the cells of memory cell array 1 2) with an integra- 
tor circuit with the selected memory cell, and a pre- 
charged integration capacitor, an integrator, a compara- 
tor, and a pre-settable counter. The result is that the in- 
tegration capacitor is discharged over time via the inte- 
grator, and the curve of voltage difference between Vdd 
and the charge level on the capacitance (i.e., in volts) 
is represented graphically. The time Interval for each of 
the set of memory cells is detennined, and the average 
value of time versus voltage is indicated graphically on 
the graph of Figure 5. The average value of time versus 
voltage is indicated on the graph of Figure 5 as 1 AVT. 
[0031 ] Next, values of % AVT, of 14 AVT, of 2AVT, and 
of 4AVT are determined. An outer pair of the time values 
indicated on Figure 5 (i.e., the values of time indicated 
as Va. AVT and as 4AVT) are identified as values of time 
Indicative of "shorts" and "opens," respectively. That is, 
if a particular memory cell is selected, and if the time 
inten/al measured Is less that 14 AVT then the memory 
cell is considered to be shorted and to be bad. On the 
other hand, if the time interval measured is greater than 



4AVT, then the memory cell is considered to be open- 
circuited, and Is also bad. Bad memory cells are not 
used in testing for proper calibration of the sense ampli- 
fiers of the amplifier array 44. 
5 [0032] Again, it will be understood that other values 
of the "shorts" and "opens" test limit values may be uti- 
lized. However, the selected and prefen'ed values are 
powers of 2, and are easily implemented digitally. Fur- 
ther, these selected values for the test limits have been 
^0 shown by actual testing of the invention to provide very 
reliable operation for the MRAM chip 40. 
[0033] Further, an additional pair of time intervals (i. 
e., ^h. AVT and 2AVT) are designated, and are indicated 
as recalibration high/recalibration low (Recal Hi/Lo) limit 
^5 values. These Recal Hi/Lo values are the values within 
(i.e., between) which the time Interval fora particular se- 
lected memory cell which Is to be sensed must fall in 
order to indicate that the sense amplifier which will 
sense this memory cell has a proper calibration in view 
of the environmental factors then effective on the mem- 
ory cell an-ay 12. That is, the operating voltage Vdd of 
the MRAM chip 40 may have drifted, or the temperature 
of the memory cell array 12 niay have changed so that 
the resistance of the memory cells and other circuit el- 
ements of the chip 40 Is changed. The result is that If 
the time Interval fortheparticularmemory cell falls within 
the range from 14 AVT to 2AVT, then the memory cell will 
be sensed, it is anticipated that the sensing result may 
be relied upon, and a recalibration of the sense amplifi- 
ers of an^ay 44 will not be initiated. On the other hand, 
if the time interval for the selected memory cell does not 
fall in the range from 14 AVT to 2AVT, but instead falls 
into one of the two "recalibrate" time interval ranges from 
14 AVT to 14 AVT, or from 2AVT to 4AVT, then the sense 
amplifiers for array 44 are recalibrated. 
[0034] That is, if a "shorts" or "opens" condition is de- 
tected, then the recalibration test result is ignored. A 
shorted or op en -circuited memory cell will not trigger a 
recalibration of the sense amplifiers of array 44. Slmi- 
lariy, a shorted or opened memory cell will not have been 
used by the controller circuit 46 to store a data bit. How- 
ever, if a "shorts" or "opens" condition is not detected, 
then the results of the testing of the memory cell's re- 
sistance is compared to the Recal Hi/Lo limits. So long 
as the cell's resistance is indicated to be within (i.e. , be- 
tween) the pair of Recal Hl/Lo limits, than sensing of the 
memory cell proceeds, and no recalibration of the sense 
amplifier for that memory cell is initiated. On the other 
hand, if the Recal Hi/Lo limits are exceeded (i.e., mean- 
ing that the sensed cell's "time value" Is either below 14 
ATV, or above 2ATV, but not less than Va ATV or more 
than 4ATV) then sensing of the memory cell stops, data 
stored In the memory cell is presen/ed undisturbed, a 
sense amplifier recalibration is initiated, and the data 
stored In the memory cell Is sensed later after comple- 
tion of this sense amplifier recalibration. 
[0035] Considering now Figure 6, a preferred imple- 
mentation of a circuit portion 52 of the calibration con- 
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troller 50 is illustrated. This circuit portion 52 may be 
termed an Individual sense amplifier portion, and it is 
switched Into connection with a particular memory cell 
at the same time as the sense amplifier 26 which will be 
then used to sense that memory cell and as that sense 5 
amplifier Is then calibrated (I.e., provided that the result 
of the calibration test explained above is to proceed 
without a calibration), in fact, the circuit portion 52 and 
sense amplifier 26 may share circuit elements, as will 
be clear in view of the explanation below. This circuit 
portion 52 includes a selected RXPtM cell 14, a capac- 
itance 64 with a charging switch 54', a comparator am- 
plifier 26', and a switching junction 56 receiving clocic 
counts 58 from a source 60. The conductivity of junction 
56 (i.e., switched either opened or closed) Is controlled 
by a voltage comparator circuit 62. Further, the number 
of clock pulses which pass through junction 56 while the 
junction 56 is switched closed is recorded in a counter 
64 for data sensing and calibration uses, as will be fur- 
ther explained. 

[0036] Also included in the illustration of Figure 6 
(which will be recalled to be a schematic circuit diagram) 
is an Indication of the location and effect of a shorted 
memory cell (I.e., Indicated with reference numeral 14'), 
and of an open memory cell (indicated with a reference 
numeral 14"). The indications 14' and 14" seen on Fig- 
ure 6 are provided merely so that the reader will have 
an appreciation of the location and effect of either a 
shorted or open memory cell. It will be understood In 
view of the above, and the following description, that a 
shorted or open resistive memory cell will be indicated 
in accord with the above description of the time values 
obtained for such shorted and open memory cells. That 
is, it is to be understood that the count value stored in 
counter 64 Is Indicative of a particular time interval as Is 
graphically depicted on Figure 5, so that the time values 
AVT, 1^ AVT, 1 AVT, 2AVT, and 4AVT are indicated ac- 
cording to a stored digital value in counter 64. Thus, a 
simple comparison of the digital value of actual clock 
counts stored in counter 64 to the counts for these time 
intervals detemnines whether a time value for the mem- 
ory cell 14 under thethen existing environmental factors 
for the MRAM chip 40, and with the existing calibration 
of sense amplifier 26 is acceptable according to the test 
explained above. If the time value is acceptable, then 
the count value in counter 64 is stored for use as an 
indication (i.e., in view of a further test) of the binary val- 
ue ("1" or "0") stored in the cell 14 being sensed. 
[0037] Considering Figure 6 still, It is seen that the cir- 
cuit 52 Includes a load model 66 for the resistive cross 
point memory cell. This load model may be considered 
to be typical (i.e., representative) of the particular resis- 
tive cross point memory cell being sensed. Again, this 
particular resistive cross point memory cell may be 
shorted, may be open, or may have a nonnal resistance. 
However, if the resistive cross memory cell being 
sensed has a nonnal resistance, then the sense ampli- 
fier 26 may have an acceptable calibration, or may re- 



quire recalibratlon before the sensing operation is com- 
pleted. 

[0038] The comparator amplifier 26' is a constant volt- 
age pre-amplifier (indicated generally with numeral 68), 
which effectively isolates the resistance R (i.e., resist- 
ance 14) from the Integrator circuit 70. The comparator 
amplifier 26' behaves as a current source while main- 
taining a constant voltage across the resistance 14 of 
the resistive cross point memory ceil being sensed. 
[0039] An integrator 70 includes the switch 54', the ca- 
pacitor 54, and a ground connection (as Indicated on the 
drawing Figure 6). This integrator allows the load current 
(i.e., sneak path current plus cun^ent through the load 
resistor R (i.e., resistor 14)) to discharge capacitor 54. 
The rate of decay of the voltage at the integrator is a 
direct function of the load current. If the load is shorted 
(i.e. 14') then the pre-amp current will be very high and 
the integrator will discharge very quickly. If the load is 
open (I.e., 14"), then the integrator 70 will discharge at 
a rate detemiined by the sneak path cun^ents and by the 
circuit design . Then the discharge time will be very large. 
A normally resistive cross point memory cell (i.e., resist- 
ance 1 4) will cause the discharge time to fall within the 
range explained above. 

[0040] Comparator section 72 Includes the compara- 
tor circuit 62, and a connection to a reference voltage 
source (indicated on Figure 6). The comparator 62 con- 
trols the gate 56 to open (i.e., switch closure) at the be- 
ginning of the Integration period, and to close (I.e., 
switch opening) at the time when the voltage from ca- 
pacitor 54 equals Vref. 

[0041] The circuit 52 also Includes the counter and 
storage circuit 74, which includes switching junction 56, 
a connection to a clock pulse source (indicated at 60) 
and the counter 64. The result of the stored count value 
at counter 64 is compared to the reference values (i.e., 
Ya AVT, AVT, 1AVT, 2AVT, and 4AVT) as described 
above, in order to determine If recallbration of the sense 
amplifier 26 is or is not necessary. 
[0042] Finally, it is seen that the circuit 52 includes a 
representation at 76 of a current source, providing a cur- 
rent (which is a parasitic current) also flowing through 
the resistance of cell 14. The current source 76 is rep- 
resentative of sneak path currents resulting through the 
other resistive celts of a ceil array, and realized at a par- 
ticular cell 14 under evaluation. 
[0043] Again , if the count value of counter 64 does not 
fall within the range of AVT to 2AVT (i,e, , as explained 
above, In accord with this preferred embodiment, and 
remembering that the Invention is not so limited), then 
the sense operation is suspended, and the sense am- 
plifier 26 is recalibrated before sensing of the ceil 14 
continues (provided that the cell does not give a "short" 
or "open" value - recalling the additional Indications 14' 
and 14" of Figure 6). 

[0044] When the time value for cell 1 4 falls within the 
acceptable range from 14 AVT to 2AVT (i.e., either before 
or after recallbration of the sense amplifier 26) then the 
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cell is further sensed by writing either a zero ("0") or one 
("1") value to the.cell, and sensing its resistance value 
with the same calibration of sense amplifier 26; then the 
other of a zero ("0") or one ("1") value is written in the 
cell 14, and is sensed again with the same calibration 
of sense amplifier 26. 

[0045] Each of these sensing steps gives a count val- 
ue in counter 64, which Is sensed and stored. A com- 
parison between the first sensing count and the second 
sensing count; and between the first sensing count and 
the third sensing count, will give an unambiguous indi- 
cation of which value of value (i.e., zero ("0") or one 
("1")) was originally stored in the particular memory cell 
14. This determined value of zero ("0") or one ("1") is 
then written back into cell 1 4 to complete the sense proc- 
ess for the particular memory cell 14. Thus, it is seen 
that the above sensing process Includes triple sensing 
steps each alternating with triple writing steps. Further, 
in the event that recalibration of the sense amplifier is 
necessary, this necessity is determined at the first sens- 
ing step before the first writing step, and the sense am- 
plifier is then recalibrated. After this recalibration, the tri- 
ple sense and triple write operation is carried out. 
[0046] Those ordinarily skilled in the pertinent arts will 
appreciate that the identities of data values stored in 
each memory cell 14 of an array 12 is verified by this 
method contemporaneously with sensing a resistance 
value indicative of the stored value. That is, a triple 
sense and triple write process is carried out, with the 
first step in the process (i.e., the first sense step) being 
carried out contemporaneously with a test to determine 
that the particular memory cell and its associated sense 
amplifier have a proper calibration In view of then exist- 
ing environmental factors. If not, then the sensing oper- 
ation is suspended, and the sense amplifiers are all rec- 
alibrated. When the calibration factors are within an ac- 
ceptable range (i.e., determined by a time factor for a 
cell to be sensed that falls within the range from 14 AVT 
to 2AVT) then the sensing operations continue. Be- 
cause this method is carried out each time data is to be 
sensed from a memory cell, the validity of data sensed 
out of the array 1 2 is assured. 
[0047] Accordingly, those ordinarily skilled in the per- 
tinent arts will understand that the Invention is subject 
to modification and change in accord with the spirit and 
scope of the description and disclosure above. Although 
reference is made to a particulariy preferred embodi- 
ment of the invention, such reference does not imply a 
limitation on the invention, and no such limitation is to 
be inferred. Further, the invention is not limited to the 
specific embodiments described and illustrated above. 
Instead, the invention is to be construed according to 
the claims that follow, which provide a definition of the 
invention. 



Claims 

1 . A resistive cross point memory (RXPtM) device 10 
which is responsive to environmental factors includ- 

s Ing temperature and operating voltage, said device 
comprising: 

plural RXPtM cells 14, each of said RXPtM cells 
including a pair of magnetic layers one of which 
10 is fixed in magnetic orientation 34, and the oth- 

er of which is variable in magnetic orientation 
36; a resistive layer 38 interposed between said 
pair of magnetic layers (34, 36), so that each of 
said plura! RXPtM cells 14 has a characteristic 
IS resistance dependent upon the respective 

magnetic orientation of said other magnetic lay- 
er; 

a grid of conductors crossing one another at 
and electrically connecting to respective ones 
20 of said pair of magnetic layers (34, 36) of said 

plural RXPtM cells 14; 

a variable-calibration sense amplifier 44 asso- 
ciated with said plural RXRM cells 14 to sense 
the resistance of a selected one of said cells 
25 14; and 

a calibration controller 50 associated with both 
said plurality of RXPtM cells 14 and with said 
sense amplifier 44, so as to test the calibration 
of said sense amplifier 44 for sensing selected 
30 RXRM cell 14 in view of existing environmental 

factors. 

2. A device as claimed in claim 1 , further comprising 
a single substrate 42, said single substrate 42 car- 

35 rying all of: 

said RXPtM cell array 12; 

said variable-calibration sense amplifier 44; 

and 

40 said calibration controller 50, which calibration 

controller 50 includes an integrator 70 with a 
capacitor 54, a comparator 62, and a pre-set- 
table counter 64. 

45 3. A device as claimed in claim 2, wherein said cali- 
bration controller 50 includes circuit means for ap- 
plying a constant voltage to a selected one of said 
plurality of RXPtM ceils 14 and to said integrator 70, 
said comparator 62 receiving a time-variant capac- 
50 itor discharge voltage signal from said capacitance 
54 and outputting a signal indicative of discharging 
of said capacitor 54 to a selected voltage level, a 
switching junction 56 switching between a conduc- 
tive and a nonconductive state dependent upon the 
55 value of said outputted comparator signal, a clock 
60 generating clock count pulses 58, and said pre- 
settable counter 64 receiving clock count pulses 58 
from said source 60 via said switching junction 56 
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while said switching junction 56 is conductive. 

4. A method of testing for needed recalibratlon of a 
sense amplifier 26 which is utilized to sense a re- 
sistance value of a selected RXPtM cell 14 of a RX- 5 
RM cell array device 12 said method comprising 
steps of: 

defining an average time value 1 AVT, which is 
Indicative of averaged time values for each of io 
a selected set of RXPtM cells 14, while the re- 
sistance of each ceil 14 of the selected set of 
cells 14 is connected in series with a selected 
pre-charged capacitance 54, and with present 
operating parameters of the RXRIVI cell array 
12 applying; 

detemnining a time value t, which is indicative 
of connection of the resistance of the selected 
RXPtlVI ceil 14 and said selected pre-charged 
capacitance 54 In series; 20 
comparing the time value to the average time 
value 1AVT to detemnine a difference value; 
and 

recalibrating the sense amplifier 26 if the differ- 
ence value exceeds a first detennined range, 

5. A method as claimed in claim 4, further comprising 
the step of ignoring the difference value and not rec- 
alibrating the sense amplifier 26, if the difference 
value exceeds the first determined range and also so 
exceeds a second detemnined range. 

6. A self -calibrating resistive cross point memory (RX- 
PtlVI) cell array chip 40, said chip 40 comprising in 
combination: 35 



amplifiers 44, so as to test an electrical connec- 
tion of a selected one of the plural memory cells 
14 and a particular sense amplifier 26 for ac- 
ceptable calibration of the amplifier 26. 

7. A chip 40 as claimed in Claim 6, wherein said cali- 
bration controller 40 further includes an integrator 
70 with a capacitor 54, a comparator 62, and a pre- 
settable counter 64. 

8. A chip 40 as claimed in Claim 7. wherein said cali- 
bration controller 50 further includes a switch 54' 
having connection to a source of controlled charg- 
ing voltage for said capacitor 54, and when closed 
said switch 54' conducting said controlled charging 
voltage to said capacitor 54 to pre-charge said ca- 
pacitor 54. 

9. A chip 40 as claimed in Claim 7 or 8, wherein said 
integrator 70 Includes said pre-charged capacitor 
54, and a resistive load 66 selected from among 
said plural RXPtM cells 14. 

1 0. A chip 40 as claimed in any of claims 7 to 9, wherein 
said comparator 62 includes a connection to said 
pre-charged capacitor 54, and a connection to a 

source of reference voltage. 

11. A memory chip 40 as claimed in any of claims 7 to 
1 0, wherein said pre-settable counter 64 includes a 
connection to said comparator 62 via a switchable 
junction 56 opening and closing under control of 
said comparator 62, and connection to a source 60 
of clock pulses 58 via said switchable junction 56. 



a substrate 42; 

a rectangular an'ay of plural RXPtM cells 12 de- 
fined on said substrate 42, each of said RXPtM 
cells 14 including a pair of magnetic layers (34, 40 
36) and having a resistance value dependent 
upon the relative direction of magnetization of 
said pair of magnetic layers (34, 36); 
a grid of conductive word and bit lines (16, 18) 
crossing one another at and electrically con- ^ 
necting to respective ones of said plural RXPtM 
cells 14 of said an-ay 12, said resistance value 
of each RXPtM cell 14 of said array 12 being 
connected between word and bit lines (16, 18) 
crossing at the respective memory cell 14; so 
an array of variable-calibration sense amplifi- 
ers 44 formed upon said substrate 42, and each 
associated with plural ones of said plural RX- 
PtM cells 14 to sense the resistance of a se- 
lected one of said plural RXPtM cells 14; and 55 
a calibration controller 50 fomried on said sub- 
strate 42 and associated with both said array 
of RXPtM cells 12 and with said an^ay of sense 
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(54) Resistive cross point memory device witli caiibration controller for a sense amplifier 



(57) A resistive cross point memory (RXPtM) ceil ar- 
ray device 10, one example of which is a magnetic ran- 
dom access memory (MRAM) device, includes a chip 
40 on which is fonned an array of RXPtM cells 12, an 
array of sense amplifiers 44 used in sensing resistance 
values of the RXPti\^ cells 14, and an input/output (I/O) 
controller 48. The I/O controller 48 includes a calibration 
controller 50, which tests the combination of a particu- 
larly selected memory cell 14 and a particular associat- 
ed one of the array 44 of sense amplifiers 26 in view of 
then existing environmental conditions, to assure that 
the sense amplifier 26 has an acceptable calibration. 
Data integrity of the RXPtl\/) cell array device 10 is as- 
sured by a method in which each operation to sense da- 
ta from the device 10 includes a calibration test, which 
if not passed results in the sense amplifiers 26 being 
recalibrated. When proper calibration of the sense am- 
plifies 26 is indicated, then sensing of the data value 
proceeds. 
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